Telavancin is an investigational, rapidly bactericidal lipoglycopeptide antibiotic that is being developed to treat serious infections caused by gram-positive bacteria. A baseline prospective surveillance study was conducted to assess telavancin activity, in comparison with other agents, against contemporary clinical isolates collected from 2004 to 2005 from across the United States. Nearly 4,000 isolates were collected, including staphylococci, enterococci, and streptococci (pneumococci, beta-hemolytic, and viridans). Telavancin had potent activity against Staphylococcus aureus and coagulase-negative staphylococci (MIC range, 0.03 to 1.0 g/ml), independent of resistance to methicillin or to multiple agents. Telavancin activity was particularly potent against all streptococcal groups (MIC 90 s, 0.03 to 0.12 g/ml). Telavancin had excellent activity against vancomycin-susceptible enterococci (MIC 90 , 1 g/ml) and was active against VanB strains of vancomycinresistant enterococci (MIC 90 , 2 g/ml) but less active against VanA strains (MIC 90 , 8 to 16 g/ml). Telavancin also demonstrated activity against vancomycin-intermediate S. aureus and vancomycin-resistant S. aureus strains (MICs, 0.5 g/ml to 1.0 g/ml and 1.0 g/ml to 4.0 g/ml, respectively). These data may support the efficacy of telavancin for treatment of serious infections with a wide range of gram-positive organisms.
Antibiotic resistance in gram-positive bacteria is a continuing health care problem, both in hospitals and in the community. Telavancin is a novel, once-daily, intravenously administered lipoglycopeptide that is being developed to treat serious infections caused by gram-positive bacteria. It has shown promising results in patients with complicated skin and skin structure infections (SSSIs) (i.e., cellulitis, major abscess, infected wound/ulcer, or burn complicated by a requirement for surgical intervention and/or involvement of deeper tissues), including those infected with methicillin-resistant Staphylococcus aureus (MRSA) (19, 20, 21) . A U.S. Food and Drug Administration New Drug Application has been filed for telavancin based on two completed phase 3 clinical trials for the treatment of complicated SSSIs (20) , and two phase 3 trials for the treatment of hospital-acquired pneumonia have finished patient enrollment.
Like vancomycin and teicoplanin, telavancin inhibits the polymerization of cell wall peptidoglycan precursors by binding to their D-alanyl-D-alanine termini, but telavancin has greater activity than vancomycin in this interaction (50% inhibitory concentration, 0.14 M versus 2.0 M) (8) . Additionally, the interaction of telavancin with peptidoglycan precursors facilitates the perturbation of bacterial plasma membrane function, which leads to concentration-dependent membrane depolarization and increases in membrane permeability (8) . The second mode of action is likely responsible for the more rapid and extensive bactericidal activity of telavancin than vancomycin and teicoplanin.
Telavancin exhibits potent in vitro antibacterial activity against a broad range of clinically important gram-positive bacteria, including MRSA. In several studies, telavancin MICs for MRSA ranged from two to eight times lower than those observed for vancomycin, teicoplanin, and linezolid (9, 12, 15) . Telavancin also demonstrated excellent activity against MRSA and coagulase-negative staphylococci (CoNS), with reduced susceptibility to glycopeptides (13) and both vancomycin-susceptible and -resistant enterococci (MIC 90 s, 1 g/ml and 4 g/ml, respectively) (9, 12) . The in vitro spectrum of telavancin also includes anaerobic gram-positive bacteria and Corynebacterium spp. (7) .
We report the results of the first prospective surveillance study of the in vitro activity of telavancin against gram-positive pathogens collected in the United States.
(Parts of this study have been presented previously in abstract format [4, 5, 22] ). (1) . Susceptibility to comparators was determined using CLSI breakpoints (2) . Methicillin resistance in staphylococci was determined by the oxacillin MIC (2) .
MATERIALS AND METHODS

During
RESULTS
In total, 3,988 isolates, comprising 2,299 S. aureus, 372 CoNS, 458 E. faecalis, 337 E. faecium, and 276 S. pneumoniae isolates and 246 other streptococci, were collected from hospitalized (including intensive care) and nonhospitalized adult and pediatric patients. Participating institutions across all nine U.S. Census Bureau Regions each provided between 1 and 131 isolates (mean Ϯ standard deviation, 75.2 Ϯ 20.5) (by census region, there were 395 from five hospitals in the South Atlantic region, 684 from eight hospitals in the Mid-Atlantic region, 312 from four hospitals in New England, 596 from seven hospitals in the East North Central region, 347 from five hospitals in the East South Central region, 314 from five hospitals in the Mountain region, 589 from eight hospitals in the Pacific region, 312 from five hospitals in the West South Central region, and 439 from six hospitals in the West North Central region). Most isolates were from SSSIs (1,724 isolates, including more than two-thirds of the S. aureus isolates) and the bloodstream (1,469 isolates). Enterococci were mainly from the bloodstream and SSSIs. Most S. pneumoniae isolates were from the blood or the lower respiratory tract.
Nearly half of the S. aureus isolates (47.1%) were methicillin resistant, as were 73% of the CoNS (Table 1 ). Resistance to clindamycin and ciprofloxacin was frequently detected among both MRSA (44% and 76%, respectively) and methicillin-resistant CoNS (46% and 72%, respectively). Overall, erythromycin resistance rates were high among staphylococci (65% and 72% of S. aureus isolates and CoNS, respectively), while resistance to telithromycin mirrored the clindamycin resistance rates (data not shown). Resistance to gentamicin and cotrimoxazole was common among CoNS (19% and 44% of all strains, respectively) but less so among S. aureus isolates (4% and 3%, respectively). No glycopeptide-nonsusceptible S. aureus isolates were identified, but 5% of the CoNS were resistant to or had intermediate susceptibility to teicoplanin. A small number of staphylococcal isolates were nonsusceptible to daptomycin, linezolid, or quinupristin-dalfopristin.
Telavancin had potent activity against S. aureus and CoNS isolates (MIC 90 s, 0.5 g/ml for both), similar to those of daptomycin and quinupristin-dalfopristin, independent of methicillin resistance (Table 1 ). Relative to telavancin MIC 90 values, linezolid was 4-to 8-fold less active against S. aureus, vancomycin was 4-fold less active against MRSA and CoNS, and teicoplanin was 4-to 16-fold less active against staphylococci. Cotrimoxazole had potent activity against the majority of S. aureus isolates (MIC 90 , Յ0.5 g/ml). Six daptomycin-nonsusceptible staphylococci had telavancin MICs that ranged from 0.25 g/ml to 1.0 g/ml (Table 2) .
Vancomycin nonsusceptibility was detected in 6% of the E. faecalis and 71% of the E. faecium isolates tested (Table 1) . More than 30% of the enterococci expressed high-level resistance to gentamicin and/or streptomycin (data not shown), and 89% of the E. faecium isolates were resistant to ampicillin. Telavancin had potent activity against vancomycin-susceptible enterococci (MIC 90 s, 1 g/ml and 0.25 g/ml for E. faecalis and E. faecium, respectively), as well as against VanB (vancomycin-resistant, teicoplanin-susceptible) strains (E. faecium MIC 90 , 2 g/ml) ( Table 1) . Telavancin was less active against VanA (vancomycin-and teicoplanin-nonsusceptible) strains, with MIC 90 values of 16 g/ml and 8 g/ml against VanA E. faecalis and VanA E. faecium, respectively. The bimodal nature of the telavancin MIC distribution for enterococci is illustrated in Fig. 1 . The MIC 90 values of teicoplanin were somewhat lower than those of telavancin against vancomycinsusceptible isolates but were Ն128 g/ml against VanA strains. The MIC 90 values of linezolid and daptomycin against VanA and VanB E. faecium were similar to those observed for vancomycin-susceptible isolates and were lower than those observed with telavancin (Table 1) , though a few enterococci nonsusceptible to either daptomycin or linezolid were detected in this study. Nine enterococcal isolates were nonsusceptible to either linezolid or daptomycin. Against these isolates, telavancin displayed MICs ranging from 0.06 g/ml to 0.5 g/ml for vancomycin-susceptible E. faecium, MICs ranging from 2 g/ml to 16 g/ml for vancomycin-resistant E. faecium, and an MIC of 1 g/ml against a single strain of vancomycin-susceptible E. faecalis (data not shown). Against VanA E. faecium, telavancin had a MIC 90 higher than that of quinupristin-dalfopristin; however, against vancomycin-susceptible and VanB E. faecium, telavancin had a lower MIC 90 than quinupristindalfopristin (Table 1 ). Resistance to quinupristin-dalfopristin was detected in 4% of E. faecium isolates tested.
Telavancin had potent activity against all groups of streptococci (MIC 90 , 0.03 g/ml to 0.12 g/ml), independent of susceptibility to penicillin or erythromycin ( Table 1 ). All of the comparators had higher MIC 90 values against the streptococci, with the exception of penicillin (excluding penicillin-nonsusceptible S. pneumoniae). Among the penicillin-resistant pneumococci (which were 9% of the total; 24/276), 4% were resistant to ceftriaxone, 38% to clindamycin, 83% to erythromycin, 54% to tetracycline, and 79% to cotrimoxazole (data not shown). Among all S. pneumoniae isolates, resistance to levofloxacin was infrequent (Ͻ2%). Erythromycin resistance was very common in the viridans streptococci (54%) and Streptococcus agalactiae (36%) but less frequent among Streptococcus pyogenes isolates (6%) and other beta-hemolytic species (13%). Resistance to clindamycin was frequent in the erythromycin-nonsusceptible population of viridans streptococci and S. agalactiae (18% and 41%, respectively), and tetracycline resistance was highest among S. agalactiae, viridans streptococci, and the combined group C, G, and F beta-hemolytic strains (89%, 29%, and 19%, respectively). Levofloxacin resistance was 4% among viridans streptococci and rare among the beta-hemolytic species.
As there were no VISA or VRSA isolates identified in the surveillance study, we separately tested six VISA and three VRSA strains from the NARSA repository (Table 3) . Telavancin MICs for the VISA strains were 0.5 g/ml to 1 g/ml, which were within the MIC range of telavancin for the surveillance isolates tested in this study. One isolate of VISA (NRS12) tested as vancomycin susceptible in this study, with a vancomycin MIC of 2 g/ml, potentially indicating the presence of heterogeneous subpopulations of VISA in this strain. Against the VRSA strains, the telavancin MICs ranged from 1 g/ml to 4 g/ml versus Ն32 g/ml for vancomycin. The three VRSA strains and all but one of the VISA strains were also resistant to both methicillin and ciprofloxacin. Seven of the nine tested VISA and VRSA strains were resistant to clindamycin and gentamicin, and four of the VISA strains were nonsusceptible to daptomycin.
DISCUSSION
This was the first prospective surveillance study of the activity of telavancin, an investigational lipoglycopeptide, against gram-positive clinical isolates from the United States. The nearly 4,000 isolates collected represent a diverse geographic and patient population and were obtained from clinically relevant infections. The high rates of resistance to comparators and the prevalence of organisms with multiple-drug resistance are consistent with data reported in other recent surveillance studies conducted in the United States and internationally (3, 6, 10, 11, 14, (16) (17) (18) 23) . Telavancin demonstrated activity similar to that previously reported in smaller retrospective studies (7, 9, 12, 15) .
In the present study, telavancin demonstrated potent in vitro activity against prospectively collected isolates of staphylococci and streptococci, including those resistant to other antimicrobial agents. Against more than 1,000 MRSA isolates, most of them resistant to multiple classes of agents, the MIC 90 of telavancin was lower than those of all comparators, with the exception of cotrimoxazole (to which, however, 5% of the MRSA isolates were resistant). Interestingly, telavancin also had excellent activity against VISA and VRSA strains from the NARSA repository, and its activity was not altered against the few daptomycin-nonsusceptible isolates encountered in this study. Overall, telavancin was more active against CoNS than all comparators except quinupristin-dalfopristin. Telavancin MICs were lower than those of most comparators against pneumococci and viridans and beta-hemolytic streptococci, independent of their susceptibilities to other agents. It also had excellent in vitro activity against vancomycin-susceptible and VanB vancomycin-resistant enterococci. Although telavancin was somewhat less active against VanA enterococci, the vast majority of strains were inhibited by concentrations of Յ8 g/ml, a level of activity not associated with the currently available glycopeptides.
In conclusion, telavancin demonstrated potent in vitro activity against contemporary gram-positive clinical isolates from across the United States. Telavancin activity was not affected 
